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See Figure 7-31 for
metric equivalents
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columns; Table 7-20 for beam/column joints,

and Table 7-21 for slab/column frames.

(4)  Expected strength of deformation-

controlled components shall be the nominal

flexural strengths determined in accordance with

Chapter 9 of FEMA 302 with 1.25 fy in lieu of fy

for the contribution of the reinforcement.

(5)  The lower-bound strength for force-

controlled component shall be taken as the

applicable nominal strength, Qm, times the

appropriate capacity reduction factor, N, in

accordance with ACI 318.

7-5. Steel Moment-Resisting Frames.

     a.     General.

(1)  Function.  Steel moment-resisting

frames have functions and behavior similar to

those of concrete moment frames, as discussed in

Paragraph 7-4a(1).

(2)  Frame types.  FEMA 302 prescribes

three types of steel moment frames: Ordinary

Moment Frames (OMFs), Intermediate Moment

Frames (IMFs), and Special Moment Frames

(SMFs).  Restrictions regarding the use of these

frames are summarized in Table 7-1, which also

provides the appropriate R value for each

classification.  Design of steel moment frames

shall be in accordance with the provisions of

AISC Seismic Provisions for Structural Steel

Buildings.

     b.     Ordinary Moment Frames (OMFs).

(1)  General.  OMFs are expected to

withstand limited inelastic deformations in their

members when subjected to the forces resulting

from the ground motions of the design

earthquakes in combination with other loads.

OMFs shall have a design strength, as provided

in the AISC Seismic Provisions, to resist load

combinations 4-1 through 4-2 of that document.

(2)  Beam-to-column connections shall be

made by welds or high-strength bolts.

Connections shall be fully restrained or partially

restrained (Type PR).

(a)  Fully restrained connections.  The

required flexural strength, Mu, of each beam-to-

column connection considered to be part of the

lateral-force-resisting system shall be at least

equal to 1.1RyMp of the beam or column,

whichever is weaker.  For pre-engineered steel

structures, Mp is permitted to be taken as the

critical buckling moment of the beam section.

Welded joints in the connection shall be made

with filler metal rated to have a Charpy V-notch

toughness of 20 ft-lbs (27N-m) at a temperature

of 0°F, as determined by ASTM A673.  Except

for connections of beams to end plates for use in

pre-engineered metal structures, welded joints

shall be complete penetration welds.  At the

bottom flange of welds, weld backing shall be

removed, the root inspected and repaired, and a

reinforcing fillet added.  At the top flange welds,

backing shall be removed and repaired or shall

be attached by means of a continuous fillet weld

on the edge away from the complete penetration

weld.  Alternately, only connections having a

demonstrated inelastic rotation capability of at

least 0.01 radian, based on tests as described in

Paragraph 7-5c, shall be permitted to be
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used.  Such connections shall be constructed

using the same configurations, materials,

processes, and quality control as was used in the

tested connections.  Member sizes used shall be

similar to those tested.  A typical pre-Northridge

Earthquake fully restrained moment connection

is shown in Figure 7-41.  This connection is

permitted by FEMA 302, provided it meets the

requirements of this paragraph for ordinary

moment frames, and the further requirements of

Paragraph 7-5c for intermediate moment frames

or 7-5d for special moment frames.

(b)  Partially restrained connections

shall be used, provided that the following

requirements are met:

1.  The strength requirements of

Paragraph 7-5b(1) are met.

2.  The nominal bending strength of

the connection is at least equal to 0.5Mp of the

connected beams.

3.  The connections have been

demonstrated by cyclic tests to have adequate

rotation capacity at an interstory drift calculated

from the design story drift, ) , as determined in

Section 5.3.8.1 of FEMA 302.

4.  The additional drift and lower

strength of the partially restrained connections is

considered in the design, including the effects on

overall frame stability.

Partially restrained connections are described in

detail in Section A2 of AISC “Design

Specifications for Structural Steel Buildings.”  A

partially restrained connection using split wide-

flange beam sections is shown in Figure 7-42.

(c)  Required shear strength.  The

required shear strength Vu of a beam-to-column

connection shall be determined as a minimum

using the load combination 1.2D + 0.5L + 0.2S,

plus the shear resulting from Mu as defined in

Paragraph 7-5b(2)(a) for fully restrained

connections, on each end of the beam.  For

partially restrained connections, Vu shall be

determined from the load combination above

plus the shear resulting from the maximum end

moments that the partially restrained connections

are capable of resisting.

(d)  Continuity of column-flange

stiffener plates.  Where fully restrained

connections are made by means of welds of

beam flanges or beam-flange connection plates

directly to column flanges, continuity or column-

flange stiffener plates shall be provided to

transmit beam-flange forces to the column web

or webs.  Such plates shall have a minimum

thickness of one-half that of the beam flange or

beam-flange connection plate.  The connections

of the plates to the column flanges shall have a

design strength equal to the design strength of

the contact area of the plate with the column

flange.  The connection of the plate to the

column web shall have a design shear strength

equal to the lesser of the following:

1.  The design strength of the

connections of the plate to the column flanges, or
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2.  The design shear strength of the contact area

of the plate with the column web.

Continuity plates are not required if tested

connections demonstrate that the intended

inelastic rotation capacity can be achieved

without their use.  Partial penetration welds of

the plates to the column flanges shall not be

used.

     c.     Intermediate Moment Frames (IMFs).

Intermediate moment frames are expected to

withstand moderate inelastic deformations when

subjected to the forces resulting from the

motions of the design earthquake in combination

with other loads. Intermediate moment frames

shall conform to the AISC Seismic Provisions,

Section 12, Requirements for Special Moment

Frames, except as follows:

(1)  Beam-to-column connections.  Beam-

to-column connection design shall be based on

cyclic test results demonstrating inelastic

rotation capacity of at least 0.020 radian.

Inelastic rotation is defined as the total angle

change between the column face at the

connection and a line connecting the beam

inflection point to the column face, less that part

of the angle change occurring prior to yield of

the beam.  Qualifying test results shall consist of

cyclic tests and shall be based on one of the

following:

(a)  Tests reported in research, or

documented tests performed for other projects,

which can be demonstrated to simulate project

conditions.

(b)  Tests conducted specifically for the

project and representative of project member

sizes, material strengths, connection

configurations, and matching connection

processes.  At least two tests of each

subassemblage type shall be performed

successfully to qualify a connection for use.

Interpolation or extrapolation of test results for

different member sizes shall be justified by

rational analysis that demonstrates stress

distributions and magnitudes of internal stresses

consistent with tested assemblies, and which

considers potentially adverse effects of larger

material and weld thickness and variations in

material properties.  Extrapolation of test results

shall be limited to similar combinations of

member sizes.  Connections shall be constructed

using materials, configurations, processes, and

quality control and assurance methods that match

as closely as is feasible those of the tested

connections.  Tests that utilize beams with tested

Fy more than 10 percent lower than Fye shall not

be used.

(2)  Connection flexural strength.  The test

results and analysis shall demonstrate a

connection flexural strength, determined at the

column face, at least equal to the nominal plastic

moment, Mp, of the tested beam at the required

inelastic rotation.

Exception:  When beam flange buckling

rather than connection strength limits the

moment strength of the beam, and when

connections using a reduced beam flange are

used, then the limit shall be 0.8Mp of the tested

beam.  Figure 7-43 illustrates a fully restrained

moment connection with haunches provided at

the ends of the beam.  This connection is

designed such that the plastic hinge mechanism

forms in the beam at the end of the haunch rather

than at the column connection.  If the beam size

is based on strength considerations, haunches

may
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permit selection of a shallower, and more

economical, beam section.  However, the beam

depth and the length and depth of the haunch

must be carefully selected to assure that the

plastic hinge will occur at the end of the haunch,

and not at the column face, for the combined

seismic and factored gravity load moments.  If

the beam size is based on stiffness to control

drift, the haunches may not contribute adequate

stiffness to permit reduction in the size of the

beam.

Exception:  Connections that

accommodate the required rotations within the

connection itself and maintain the minimum

required strength of Paragraph 7-5b(2)(a) are

permitted to be used provided that the additional

drift due to the connection deformation can be

accommodated by the structure as demonstrated

by rational analysis.  Such rational analysis shall

include consideration of overall frame stability,

including the P-delta effect.

(3)  Connection shear strength.  The

required shear strength, Vu, of a beam-to-column

shall be determined using the load combination

1.2D + 0.5L + 0.2S plus the shear resulting from

applying 1.1RyFyZ in the opposite sense on each

end of the beam.  Alternately, Vu shall be

justified by rational analysis.  The required shear

strength is not required to exceed the shear

resulting from the load combinations prescribed

by Equations 4-6 and 4-7.

(4)  Panel zone shear strength.  The

required shear strength, Vu, of the panel zone

shall be the shear force determined by applying

load combinations prescribed above to the

moment-connected beam or beams in the plane

of the frame at the column. Vu is not required to

exceed the shear force determined from 0.8GMp

of the beams framing into the column flanges at

the connection.

(5)  Width-thickness ratios.  Beams shall

comply with 8p in the AISC Design

Specifications Table B5-1.  When the ratio in

Equation 7-3 is less than or equal to 1.25,

columns shall comply with 8p in Table I-9-1 of

the AISC Seismic Provisions; otherwise,

columns shall comply with Table B5-1 of the

AISC Design Specifications.

(6)  Continuity plates.  Continuity plates

shall be provided to match the tested

connections.  When tested connections do not

include continuity plates, neither columns with

thinner flanges nor beams with thicker or wider

flanges shall be considered to be qualified by the

test.

(7)  Column/beam moment ratio.  At any

beam-to-column connection, the following

strong column/weak beam relationship shall be

satisfied:

0.1f∑
∑

∗

∗

pb

pc

M

M
(7-3)

Where:
∗Σ pcM  =  the moment at the

intersection of the beam and column center-line

determined by projecting the sum of the nominal
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column plastic moment strength, reduced by the

axial stress Puc/Ag, from the top and bottom of

the beam moment connection (including

haunches where used).  It shall be permitted to

take GM*pc as G Zc (Fyc - Puc/Ag).

∗Σ pbM  =  the moment at the

intersection of the beam and column center-line

determined by projecting the beam maximum

developed moments from the column face

thereto.  Maximum developed moments shall be

determined from test results as required by

Paragraph 7-5b(2)(a) or by rational analysis

based on the tests.  Alternately, the maximum

developed moment may be taken as 1.1 Ry Mp +

Mv where Mv is the additional moment due to the

shear amplification from the location of the

plastic hinge to the column centerline.  When

connections with reduced beam sections are

used, Mpb may be taken as 1.1 Ry Fy z + Mv,

where z is the minimum plastic section modulus

at the reduced section.  

Ag =  gross area of column, in2 (mm2).

Fyc =  specified minimum yield strength

of column ksi (Mpa).

Puc =  required axial strength in column,

kips (kN).

Zc =  plastic section modulus of a

column, in3 (mm3).

Ry =  ratio of the expected yield

strength, Fye, to the minimum specified yield

strength, Fy.

These requirements do not apply in any of the

following cases, provided that the columns

conform to the above minimum width-thickness

ratios.

(a)  Column with Puc < 0.3FycAg for all

load combinations:

1.  Which are used in the top story of a

multistory structure with a period greater than

0.7 seconds, or

2.  Where the sum of their resistance

is less than 20 percent of the shear in a story and

is less than 33 percent of the shear on each of the

column lines within that story.  A column line is

defined for the purpose of this exception as a

single line of columns or parallel lines of

columns located within 10 percent of the plan

dimension perpendicular to the line of columns.

(b)  Columns in any story that have a

ratio of design shear strength to design force 50

percent greater than the story above.

(c)  Any column not included in the

design to resist the required seismic shears, but

included in the design to resist axial overturning

forces.

(8)  Lateral support at beams.  Both

flanges of beams shall be laterally supported

directly or indirectly.  The unbraced length

between lateral support shall not exceed

3,600ry/Fy (689.5 ry/Fy for Fy in MPa).  In

addition, lateral supports shall be placed at

concentrated loads where an analysis indicates a
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hinge will be formed during inelastic

deformation of the intermediate moment frame.

     d.     Special Moment Frames (SMFs).

Special moment frames are expected to

withstand significant inelastic deformation when

subjected to the forces resulting from the

motions of the design earthquake in combination

with other loads.  Special moment frames shall

conform to all of the requirements for IMFs,

except:

(1)  Cyclic test results of the beam/column

connection must demonstrate inelastic rotation

capacity of at least 0.03 radian.  The second

exceptions in Paragraph 7-5c(2) shall not apply

to SMFs.

(2)  Circular sections shall have an

outside-wall-diameter-to-thickness ratio not

exceeding 1300/Fy (250/Fy for Fy in MPa).

Rectangular tubes shall have an out-to-out width-

to-wall thickness b/t not exceeding 110/Fy (21/Fy

for Fy in MPa).

     e.     Special Truss Moment Frames (STMFs).

(1)  General.  Special truss moment

frames, as shown in Figure 7-44, shall be

designed so that when subjected to earthquake

loading, yielding will occur in specially designed

segments of the truss girders which are part of

the lateral-force-resisting system.  Such trusses

shall be limited to span length between column

not to exceed 60 feet (18m), and overall depth

not to exceed 6 feet (1.8m).  The columns and

truss segments outside of the special segments

shall be designed to remain elastic under the

forces that can be generated by the fully yielded

and strain-hardened special segment.  Special

truss moment frames shall have a design strength

to resist the applicable load combinations of the

AISC Seismic Provisions as modified by the

following added requirements.

(2)  Special segment.  Each horizontal

truss that is part of the moment frame shall have

a special segment located within the middle one-

half length of the truss.  The length of the special

segment shall range from 0.1 to 0.5 times the

truss span length.  The length-to-depth ratio of

any panel in the special segment shall be limited

to a maximum of 1.5 and a minimum of 0.67.

All panels within a special segment shall be

either Vierendeel or X braced, not a combination

thereof.  Where diagonal members are used in

the special segment, they shall be arranged in an

X pattern separated by vertical members.  Such

diagonal members shall be interconnected at

points of crossing.  The interconnection shall

have a design strength adequate to resist a force

at least equal to 0.25 times the diagonal member

nominal tensile strength.  Bolted connections

shall not be used for web members within the

special segment.  Splicing of chord members

shall not be permitted within the special

segment, nor within ½ panel length from the

ends of the special segment.  Axial forces in

diagonal web members due to factored dead plus

live loads acting within the special segment shall

not exceed 0.03 FyAg.

(3)  Special segment nominal strength.  In

the fully yielded state, the special segment shall

develop vertical nominal shear strength through

the nominal flexural strength of the chord
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members and through the nominal axial tensile

and compressive strengths of the diagonal web

members.  The top and bottom chord members in

the special segment shall be made of identical

sections and in the fully yielded state shall

provide at least 25 percent of the required

vertical shear strength.  The required axial

strength in the chord members shall not exceed

0.45 φ FyAg where φ = 0.9.  Diagonal members in

any panel of the special segment shall be made

of identical sections.  The end connections of

diagonal members in the special segment shall

have a design strength at
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least equal to the expected nominal axial tension

strength of the web member, RyFyAg.

(4)  Non-special segment nominal

strength.  All members and connections of

special truss moment frames, except those

members identified as special segments, shall

have a design strength to resist the factored

gravity loads and the lateral loads necessary to

develop the expected vertical nominal shear

strength in all special segments, Vne, given by the

following formula:

( ) αsin   0.3    0.07 
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where:

Ry =  defined in the AISC Design

Specification;

Mnc =  nominal flexural strength of the

chord member of the special segment (kips-in.)

(kN-m);

EI =  flexural elastic stiffness of the

chord members of the special segment (kip-in2)

(MPa);

L =  span length of the truss (in.) (mm);

Ls =  0.9 times the length of the special

segment (in.) (mm);

Pnt =  nominal axial tension strength of

diagonal members of the special segment (kips)

(kN);

Pnc =  nominal axial compression

strength of the diagonal members of the special

segment (kips) (kN);

" =  angle of diagonal members with

the horizontal plane.

(5)  Compactness.  Diagonal web

members of the special segment shall be made of

flat bars.  The width-thickness ratio of such flat

bars shall not exceed 2.5.  The width-thickness

ratio of chord members shall not exceed the

limiting λp values from Table B5.1 of the AISC

Design Specification.  The width-thickness ratio

of angles, and flanges and webs of tee sections

used for chord members in the special segment,

shall not exceed 52/ yF  ( yF/137 for yF in

MPa.

(6)  Lateral bracing. Top and bottom

chords of the trusses shall be laterally braced at

the ends of special segments, and at intervals not

to exceed Lp, according to Section F1.1 of the

AISC Design Specification, along the entire

length of the truss.  Each lateral brace at the ends

of, and within, the special segment shall have a

design strength to resist at least 5 percent of the

required compressive axial strength, Pnc, of the

largest adjoining chord member.  Lateral braces

outside of the special segment shall have at least

2.5 percent of the required Pnc of the

largest adjoining chord members.

     f.     Acceptance Criteria.

(1)  Response modification factors, R, for

Performance Objective 1A for moment frames in
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various structural systems are provided in Table

7-1.

(2)  Modification factors, m, for enhanced

performance objectives for beams, columns, and

connections in fully restrained moment frames

are provided in Table 7-12, and for partially

restrained moment frames in Table 7-13.

(3)  Modeling parameters and numerical

acceptance criteria for nonlinear procedures are

provided in Table 7-22 for fully restrained

moment frames, and in Table 7-23 for partially

restrained moment frames.

(4)  Expected strength of columns, beams,

and other deformation-controlled components

shall be determined using the expected yield

strength, Fye, as defined in the AISC Seismic

Provisions and the plastic section modulus, Z,

where applicable.

(5)  The lower bound strength of

connections and other force-controlled

components shall be determined in accordance

with the nominal strength and N factors

prescribed by AISC Seismic Provisions.

7-6. Dual Systems.

     a.     General.

(1)  Combinations of structural systems.

The connotation of dual systems is sometimes

erroneously interpreted to mean different

systems in each orthogonal direction of structural

framing.  To clarify this point, FEMA 302

describes that condition as “combinations of

structural systems.”  In addition to the above

interpretation, these combinations could also

include different systems in the same vertical

plane (e.g., a two-story building with steel

moment frames in the second story and a

concrete shear wall system in the first story).  In

the first case above, FEMA 302 permits the use

of the appropriate R factor pertaining to the

structural system in each orthogonal direction.

For the second case, the FEMA provision states:

“The response modification coefficient, R, in the

direction under consideration at any story shall

not exceed the lowest response modification

factor, R, for the seismic-force-resisting system

in the same direction considered above that

story, excluding penthouses.  For other than dual

systems where a combination of different

structural systems is utilized to resist lateral

forces in the same direction, the value of R used

in that direction shall not be greater than the least

value of any of the systems utilized in the same

direction.  If a system other than a dual system

with a response modification coefficient, R, with

a value of less than 5 is used as part of the

seismic-force-resisting system in any direction of

the structure, the lowest such value shall be used

for the entire structure.  The system overstrength

factor, Ω o , in the direction under consideration

at any story, shall not be less than the largest

value of this factor for the seismic-force-resisting

system in the same direction considered above

that story.”

Exceptions:

(a)  Supported structural systems with a

weight equal to or less than 10 percent of the

weight of the structure.
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(b)  Detached one- and two-family dwelling of light-frame construction.

(2)  Dual systems in the FEMA 302 provisions are defined as moment frames with either braced

frames or shear walls that jointly resist lateral forces along the same line of force.  The lateral forces are

distributed to the various structural components in accordance with their relative rigidities, but the moment

frames are designed to be capable of resisting at least 25 percent of the design forces.  The moment frame

shall be part of an essentially complete space frame system providing support for vertical loads.  These dual

systems are described further in the following paragraphs.

     b.     Moment Frame/Shear Wall Systems.  As limited by this document, these dual systems shall consist

of either structural steel or reinforced concrete moment frames resisting lateral forces jointly with either

reinforced concrete or reinforced masonry shear walls.  Appropriate R factors and other design coefficients

for other systems are provided in Table 7-1.

     c.     Moment Frames/Bracing Systems.  As defined by this document, these systems shall consist of

steel moment frames with selected braced bays so that lateral forces are resisted partly by moment frame

action and partly by braced frame action.  The bracing system can consist of either concentrically or

eccentrically braced frames.  R factors and other design coefficients for these various systems are provided

in Table 7-1.  The use of concrete moment frames with either concrete or steel bracing is not prescribed by

this document, as the detailing requirements are very demanding, and the performance of these systems has

not been satisfactory.

     d.     Acceptance Criteria.

(1)  Response modification factors, R, for Performance Objective 1A for various dual systems are

provided in Table 7-1.

(2)  Modification factors, m, for enhanced performance objectives, and modeling parameters and

numerical criteria for nonlinear procedures are prescribed in the following paragraphs;

Reinforced concrete shear walls… .… para. 7-2f(3)

Precast concrete shear walls… … … ...para. 7-2g(5)

Unreinforced masonry shear walls… para. 7-2h(5)

Concentric braced frames… … … … ..para. 7-3b(9)
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Eccentric braced frames… … … … … .para. 7-3c(5)

Steel moment resisting frames… … … para. 7-5f.

7-7. Diaphragms.

     a.     General.

(1)  Function.  Floors and roofs, acting as diaphragms, are the horizontal resisting elements in a

structure.  Diaphragms are subject to lateral forces due to their own weight plus the tributary weight of

walls connected to them.  The diaphragms distribute the lateral forces to the vertical elements:  the shear

walls or frames, which resist the lateral forces and transfer them to lower levels of the building and finally

to the ground.  If floors or roofs cannot be made strong enough, their diaphragm function can be

accomplished by horizontal bracing.  In an industrial building, horizontal bracing can be the only resisting

element.  Where there is a horizontal offset between resisting vertical elements above and below, the

diaphragm transfers lateral forces between the elements.

(2)  Diaphragms.  Usually the roof and floors of the structure perform the function of distributing

lateral forces to the vertical-resisting elements (such as walls and frames).  These elements, called

diaphragms, make use of their inherent strength and rigidity, supplemented, when needed, by chords and

collectors.  A diaphragm is analogous to a plate girder laid in a horizontal plane (or inclined plane, in the

case of a roof).  The floor or roof deck functions as the girder web, resisting shear; the joists or beams

function as web stiffeners; and the chords (peripheral beams or integral reinforcement) function as flanges,

resisting flexural stresses (Figure 7-46).  A diaphragm may be constructed of any material of which a

structural floor or roof is made.  Some materials, such as cast-in-place reinforced concrete and structural

steel, have well-established properties and present no problems for diaphragm design once the loading and

reaction system is known.  Other materials, such as wood sheathing and metal deck, have properties that

are well-established for vertical loads, but not so well established for lateral loads. For these materials, tests

have been required to demonstrate their ability to resist lateral forces.  Moreover, where a diaphragm is

made up of units such as sheets of plywood or metal deck, or precast concrete units, the characteristics of

the diaphragm are, to a large degree, dependent upon the connections that join one unit to another and to

the supporting members.

(3)  Horizontal bracing.  A horizontal bracing system may also be used as a diaphragm to transfer the

horizontal forces to the vertical-resisting elements.  A horizontal bracing system may be of any approved

material.  A common system that is not recommended is the rod or angle tension-only bracing used in older
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industrial buildings.  The general layout of a bracing system and the sizing of members must be determined

for each case in order to meet the requirements for load resistance and deformation control.  The bracing

system will be fully developed in both directions so that the bracing diagonals and chord members form

complete horizontal trusses between vertical-resisting elements (Figure 7-47).  Horizontal bracing systems

will be designed using diaphragm design principles.

     b.     Diaphragm Flexibility.

(1)  Diaphragm classification.  Floor diaphragms shall be classified as either flexible, stiff, or rigid,

as indicated in Figure 7-45.  Diaphragms shall be considered flexible when the maximum lateral

deformation of the diaphragm along its length is more than twice the average interstory drift of the story

immediately below the diaphragm.  For diaphragms supported by basement walls, the average interstory

drift of the story above the diaphragm may be used in lieu of the basement story.
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